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DETAILED ACTION 

This Office Action is responsive to the Applicant's communication filed 08/22/2007. In 
virtue of this communication, claims 1-8 are pending in the instant application. 

Priority 

1 . Receipt is acknowledged of papers submitted under 35 U.S.C. 1 1 9(a)-(d), which 
papers have been placed of record in the file. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 



Application/Control Number: 10/594,739 Page 3 

Art Unit: 2818 

4. Claims 1-3 rejected under 35 U.S.C. 103(a) as being unpatentable over Yamada 
et al (U.S. Publication No. 2005/0003670 A1 ; hereinafter referred to as "Yamada") in 
view of Cheng et al. (U.S. Patent No. 6,649538 B1 ; hereinafter referred to as Cheng) 
and Klein et al. (U.S. Patent No. 6,046,088; hereinafter referred to as "Klein"). 

With respect to claim 1 , Yamada discloses a producing method of a 
semiconductor device, comprising: the silicon oxide film formed after a surface of a 
silicon substrate is etched (see Page 3, Paragraph [0049]), and film thinning a silicon 
oxide film by heating (see Page 3, Paragraph [0050]-[0051]). 

Yamada fails to disclose a surface of a silicon substrate is etched by chemical 
liquid, one of thermal oxidizing by heating the thinned silicon oxide film to oxidize the 
silicon oxide film by gas including at least oxygen, and plasma oxidizing the thinned 
silicon oxide film by plasma discharged gas including at least oxygen. 

Klein teaches a silicon oxide etched by chemical liquid (see Klein Column 4, lines 
9-1 1 ) but fails to teach one of thermal oxidizing by heating the thinned silicon oxide film 
to oxidize the silicon oxide film by gas including at least oxygen, and plasma oxidizing 
the thinned silicon oxide film by plasma discharged gas including at least oxygen. 

Cheng teaches one of thermal oxidizing by heating the thinned silicon oxide film 
to oxidize the silicon oxide film by gas including at least oxygen, and plasma oxidizing 
the thinned silicon oxide film by plasma discharged gas including at least oxygen (see 
Column 5, lines 30-39). 

It would have been obvious to one of ordinary skill in the art at the time of 
invention to perform the etching of the trench as disclosed by Yamada using a wet etch 
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as taught by Klein and further to perform the plasma treatment process as taught by 
Cheng after etching by chemical liquid and heating the substrate as taught by the 
combination of Yamada and Klein in order prepare the surface of the layer for plasma 
nitriding of the oxide layer and further densify the oxide and provide more effective 
nitrogen penetration, (see Cheng, Column 5, lines 30-39, 50-58). 

With respect to claim 2, the combination of Yamada, Klein and Cheng discloses 
all material as stated in claim 1 and further discloses the silicon oxide film formed after 
the etching is carried out is processed at 800°C or higher (see Page 3, Yamada 
Paragraph [0050]). 

With respect to claim 3, the combination of Yamada, Klein and Cheng discloses 
all material as stated in claim 2 and further discloses wherein in the film thinning step, 
the silicon oxide film formed after the etching is carried out is processed at 800°C to 
1000°C (see Page 3, Yamada Paragraph [0050]). 

5. Claims 4-7 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Yamada et al (U.S. Publication No. 2005/0003670 A1; hereinafter referred to as 
"Yamada") in view of Cheng et al. (U.S. Patent No. 6,649538 B1; hereinafter referred to 
as Cheng) and Klein et al. (U.S. Patent No. 6,046,088; hereinafter referred to as "Klein") 
as applied to claims 1-3 above, and further in view of Tokai et al (U.S. Patent No. 
6,566,199 B2; hereinafter referred to Tokai). 

With respect to claim 4, the combination of Yamada, Klein and Cheng discloses 
all material as stated in claim 1-3 but fails to disclose in the film thinning, the silicon 
oxide film formed after the etching is carried out is processed under a reduced pressure. 
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Tokai teaches in the film thinning, the silicon oxide film formed after the etching is 
carried out is processed under a reduced pressure (see Tokai; Column 2, lines 43-57 
same RTO under reduced pressure). 

It would have been obvious to one of ordinary skill in the art at the time of 
invention to implement the process as taught by Tokai of reducing the pressure in the 
chamber while heating the substrate as taught by the combination of Yamada, Klein and 
Cheng in order to promote better reactivity of film formation (see Tokai; Column 2, lines 
39-42) 

With respect to claim 5, the combination of Yamada, Cheng, Klein and Tokai 
discloses all material as stated in claim 4 and further discloses wherein the reduced 
pressure is 266 Pa to 2660 Pa (see Tokai Column 3, lines 63-66). 

With respect to claim 6, the combination of Yamada, Cheng, Klein and Tokai 
discloses all material as stated in claim 4 and further discloses the silicon oxide film 
formed after the etching is carried out is processed by nitrogen (see Cheng; Column 6, 
lines 41-52). 

With respect to claim 7, the combination of Yamada, Cheng, Klein and Tokai 
discloses all material as stated in claim 6 and further discloses the silicon oxide film 
formed after the etching is carried out is processed for 5 seconds to 60 seconds (see 
Cheng; Column 5, lines 13-14). 

6. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Yamada 
et al (U.S. Publication No. 2005/0003670 A1 ; hereinafter referred to as "Yamada") in 
view of Cheng et al. (U.S. Patent No. 6,649538 B1 ; hereinafter referred to as Cheng) 
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and Klein et al. (U.S. Patent No. 6,046,088; hereinafter referred to as "Klein") as applied 
to claims 1-3 above, and further in view of Yu et al (U.S. Patent No. 6,362,085 B1; 
hereinafter referred to as "Yu"). 

With respect to claim 8, the combination of Yamada and Cheng discloses all 
material as stated in claims 1-3 and further discloses plasma nitriding the silicon oxide 
film by plasma discharged gas including at least nitrogen to form a silicon oxynitride film 
(see Cheng; Column 4, lines 56-59; nitiriding Si02 produces silicon oxynitride). 

Cheng fails to disclose wherein a dose amount of nitrogen of the silicon 
oxynitride film is made to be 1x10 15 [atoms/cm 2 ] or higher by the plasma nitriding. 

Yu teaches a dose amount of nitrogen of the silicon oxynitride film is made to be 
1x10 15 [atoms/cm 2 ] or higher by the plasma nitriding (see Column 5, lines 30-37). 

It would have been obvious to one of ordinary skill in the art at the time of 
invention to ion implant the nitrogen molecules at a dosage of amount as taught by Yu 
within the silicon oxynitride layer as disclosed by the combination of Yamada, Klein and 
Cheng in order to increase the dielectric constant of the oxide layer (see Yu Column 6, 
lines 21-27). 

Citation of Pertinent Art 

7. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

- Fujimaki (U.S. Publication No. 2003/0203582 A1) discloses heat treatment in a 
nitrogen atmosphere. 
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- Igeta et al (U.S. Publication No. 2003/0170945 A1) discloses nitriding an 
oxygen insulation film using high-frequency plasma. 

- Ballantine et al. (U.S. Patent No. 6,444,592 B1 ) discloses forming a silicon 
oxide film being produced using Rapid Thermal Oxidation. 

Inquiry 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to JONATHAN HAN whose telephone number is (571)270- 
7546. The examiner can normally be reached on Monday through Friday 8:30 AM - 6 
PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Steven Loke can be reached on (571)272-1657. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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